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We are no more in the 20th century: systematics do matter!
Next generation long-baseline experiments (DUNE, HyperK, ESSnuSB) conceived for precision ’-oscillation measurements:

Å test the 3-neutrino paradigm;

Å determine the mass hierarchy;

Å test CP asymmetry in the lepton sector;

Moreover ’-interaction models would benefit from improved precision on cross-sections measurements

ὔ ὖ ᴼ ɇ„ ɇɮ

Very good knowledge needed!

ENUBET impact on „

Fromthe EuropeanStrategyfor ParticlePhysicsDeliberationdocument:

Toextract the most physicsfromDUNEand Hyper-Kamiokande, a complementary
programmeof experimentationto determineneutrino cross-sectionsandfluxesis
required. Several experiments aimed at determining neutrino fluxes exist
worldwide. The possible implementation and impact of a facility to measure
neutrinocross-sectionsat the percentlevelshouldcontinueto bestudied.

The purpose of ENUBET: design a narrow-band neutrino beam to measure

Å neutrino cross-section and flavor composition at 1% precision level;

Å neutrino energy at 10% precision level;

2



Monitored neutrino beams (*)

How do we achieve such a precision on the neutrino cross-section, flavor composition and energy?

3

(*) A. Longhin, L. Ludovici,F. Terranova,EPJC75(2015) 155
άMonitored neutrino beams are beams where diagnostic can directly measure the flux of neutrinos because the
experimentersmonitor the productionof the lepton associatedwith the neutrino at the single-particlelevel.ά(Wikipedia)
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A bit of history

× ENUBET: ERC Consolidator Grant, June 2016 ςMay 2021 (COVID: extended to end 2022). PI: A. Longhin;

× Since April 2019: CERN Neutrino Platform Experiment ςNP06/ENUBET ςand part of Physics Beyond Colliders;

The ENUBET Collaboration: 65 physicists & 13 institutions; Spokespersons: A. Longhin, F. Terranova; Technical Coordinator: V. Mascagna;

Visit our webpage for further info and 
material!

https://www.pd.infn.it/eng/enubet/
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× ERC project focused on: 
measure positrons (instrumented decay tunnel) from ὑ determination of ’ flux;

× As CERN NP06 project: 
extend measure to muons (instrumented decay tunnel) from ὑ and (replacing hadron dump with range meter) “

determination of ’ flux; measure the neutrino energy a priori using the narrow band off axis technique

Main systematics contributions are bypassed: hadron production, beamline geometry & focusing, POT;

× First idea presented at Nufact2014 (Aug 20-25, 2014, Glasgow, UK)

See C. Delogu@ 
NuFact22

https://www.pd.infn.it/eng/enubet/


The 2020 breakthrough: a high-intensity horn-less neutrino beam

When we first proposed ENUBET, we were aiming at a beam where the leptons in the decay tunnel are 
produced  at slow  rate because we were afraid of pile-up and saturation of the instrumentation in the tunnel

Original design: a horn pulsed every 100 mswith a 10 mspulse (άburst proton extractionέ) 
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First demonstrationof this proton extraction
schemein 2018at CERN-SPS

M. Pari, M. A Fraser et al, IPAC2019 

2020 design (άstatic focusingsystemέ): a neutrino beam without a horn, where focusingat 8.5 GeV/c is
accomplishedby quadrupoles(like,e.g., NuTeVbut at muchlower energy!)

Thedesignwasso successfulthat it achieveda flux that is just 2 times smallerthan the correspondinghorn-
baseddesign,but protonsareextractedin 2 seconds!!Ratesreducedby more than oneorder of magnitude!

https://doi.org/10.18429/JACoW-IPAC2019-WEPMP035


The ENUBET beamline: (details in E. Parozzi@ NuFact22)

Transfer Line

Å normal conducting magnets;

Å quadrupoles + 2 dipoles 
(1.8 T, total bending of 14.8o);

Å short to minimize early K decays;

Å small beam size;

Tagger (decay tunnel)

Å length of 40 m;

Å radius of 1 m;

Dumps

Rates @ Tunnel entrance 
for 400 GeV POT

“ ρπ /POT ὑ ρπ /POT

4.13 0.34

ρͯȢυX w.r.t. previous results

Large bending angle of 14.8o:

Å better collimated beam + reduced muons background + reduced ’ from early decays;

Transfer Line:

Å optics optimization w/ TRANSPORT(5% momentum bite centered @ 8.5 GeV) G4Beamlinefor particle transport and interactions;

Å FLUKA for irradiation studies, absorbers and rock volumes included in simulation (not shown above);

Å optimized graphite target 70 cm long & 3 cm radius (dedicated studies, scan geometry and different materials);

Å tungsten foil downstream target to suppress positron background;

Å tungsten alloy absorber @ tagger entrance to suppress backgrounds;

Dumps:

Å Proton dump: three cylindrical layers (graphite core -> aluminum layer -> iron layer);

Å Hadron dump: same structure of the proton dump -> allows to reduce backscattering flux in tunnel; 6

Full facility implemented in GEANT4:

Å Controll over all paramaters;

Å Access to the paricles histories;

assessment of the nu flux systematics

primaty protons



’CC spectra
A total ʉ statistics of ρπevents in ͯ σyears

Å@ SPS with τȢυɇρπPOT/year;
Å 500 tonne detector @ 50 m from tunnel end;
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ProtoDUNE-SP (NP04)

See C. Delogu@NuFact22

ENUBET as a άhigh-energyέ (1-3 GeV) monitored neutrino beam

nmCC spectra

Energy resolution
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A άlow-energyέ (<1 GeV) monitored neutrino beam

Multi -momentumbeamline@ CERN
A CERN-basedbeamlinewith multiple runsat 4,6,8
GeV/csecondarymomenta: increasethe statistics
in the region of interest of HyperK. nm from pion
decay (high statistics),ne from kaon decay (low
statistics)

E. Parozzi@ NuFact22

Can we build a monitored neutrino beam (without relying on kaons) at the European Spallation Source? 
LetΩs call it MNB@ESS (but we have tofind a cooler name J)

A monitored neutrino beam
at ESS (ESSnuSB+)

Addressspecificallythe regionbelow1 GeV

Ånmfrom piondecay(p­mnm)
Åne from decayin flight of muons

p­mnm­ enmnenm
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Opportunities at the ESS

Constructionphaseof ESSnuSB
ÅA highpower linacwith 3 msproton pulsesat 2 GeV. Max intensity4 MW; neededintensityfor crosssection

measurementsO(500kW)
ÅTheESSnuSBnear detector and/or dedicatedmoderatemass(500 t) detectors. Top priority: water target.

Additionalopportunity: the NUSTORMdetector. More aggressiveoption: liquid deuteronor hydrogen(!)
ÅAtransferline that operateswhenthe accumulatorisunderconstruction

In ESSnuSB+ we want to focus on the construction phase!

Operationphaseof ESSnuSB
A high power linacwith 3 ms proton pulsesat 2 GeV+ the accumulator. MNB@ESScannotoperatewith ams
beamandwe do not want to employthe accumulator:
ÅTheaccumulatorcanbeusedasa transferline for the linacbunchesdevotedto MNB@ESS
ÅMore aggressive: we can use the accumulatoras a debuncherto havea long (enubet-like) extraction

andfurther reducepile up (at the expensesof cosmicbackground)
In ESSnuSB+ we can assess this option only once the previous job is done



10

The Work Package 6 of ESSnuSB+

Participants: Unimib(Milano, Italy), INFN(Padova,Italy),RBI(Zagreb,Croatia),NCSRD(Athens,Greece),AUTH
(Thessaloniki,Greece)
Externalsupport: from the ENUBETCollaborationon the re-optimizationof the horn-lessbeamline

WP3: Target station
[target, transfer line]

Synergywith other WPs

WP4: Low energy nustorm
[target area, detector]

WP5: Detector and physics performance
[use of cross section, near detector]


